In the context of a busy reference laboratory, radiometric selective inhibition tests were evaluated for rapid differentiation of Mycobacterium tuberculosis and Mycobacterium bovis and of the M. tuberculosis complex from other mycobacteria. p-Nitro-a-acetylamino-J8-hydroxypropiophenone at 5 ig and hydroxylamine hydrochloride at 62.5 and 125 ,ug per ml of 7H12 medium were used to separate the M. tuberculosis complex from other mycobacteria (MOTT bacilli (3, 4, 10) , was evaluated for use in a radionietric procedure.
Although the incidence of tuberculosis has declined markedly in the United States over the past decade, it is still endemic and remains an important infectious disease. Differentiating disease caused by Mycobacterium tuberculosis from that caused by mycobacteria other than tubercle (MOTT) bacilli is critical to the individual patient as well as to the public at large. Members of the M. tuberculosis complex (M. tuberculosis and M. bovis) are highly communicable from human to human; therefore, it is essential that a correct diagnosis be established without delay so that the patient may be treated and rendered noninfectious as quickly as possible. Also, members of the M. tuberculosis complex are, in most instances, easily and successfully treated with the primary antituberculosis drugs; therapy of disease caused by other mycobacteria is often long, arduous, and not always successful. Therefore, medical management of patients with M. tuberculosis complex disease is quite different from that of patients with other mycobacterioses.
Separation of M. tuberculosis from M. bovis, although not important clinically, is important epidemiologically. Although the numbers of M. bovis cases are very low in this country (2) , it is essential to be aware of their existence and to establish their origin.
The (6) . Laszlo (9) .
Stock solutions. NAP was kindly provided by Warner-Lambert Co., Ann Arbor, Mich. The basic stock solution of 1 mg/ml was dissolved in ethyl alcohol at 68°C in a water bath and then diluted in sterile distilled water to 100 p.g/ml. Small samples were frozen at -70°C until used. HA, purchased from Mallinckrodt, Inc., Paris, Ky., was prepared by dissolving 250 mg in distilled water to give appropriate concentrations, which were sterilized by filtration through a Nalgene sterilizing filter unit (pore size, 0.20 jsm) (Nalge Co., Rochester, N.Y.). TCH (Aldrich Chemical Co., Inc., Milwaukee, Wis.) was dissolved in 50% ethanol to give 200 p.g/ml and diluted with sterile distilled water to give a final concentration of 20 ,ug/ml. All stock solutions were stored at -70°C.
Disks. Vials containing paper disks impregnated with 5 p.g of NAP were obtained from Johnston Laboratories, Towson, Md.
Performance of selective inhibition tests. Mycobacterial suspensions were made in a diluting fluid containing 0.02% polysorbate 80 and 0.2% fatty acid-free albumin in deionized water. An emulsion was prepared by transferring a spadeful of growth from a culture on solid medium to a sterile reusable screw-cap glass tube (16 by 125 mm) containing 8 to 10 glass beads and 3 ml of diluting fluid. Each culture was agitated vigorously on a Vortex mixer for 30 to 60 s, and the larger particles were allowed to settle by standing for 1 h. The supernatant was then diluted to the turbidity of a 0.5 McFarland standard. This suspension (0.1 ml) was used to inoculate a Middlebrook 7H12 vial containing no inhibitory agent as well as each 7H12 vial containing the agent to be tested. Final concentrations of inhibitory agents were (micrograms per milliliter): NAP, 5; HA, 62.5; HA, 125; and TCH, 1. To perform the commercial NAP TB differentiation test, 0.1 ml of inoculum, as described above, was added to a 7H12 bottle. One milliliter of this inoculated 7H12 was then transferred to an empty vial containing a paper disk impregnated with 5 ,ug of NAP; the remaining 1 ml served as a control. Middlebrook 7H12 (BACTEC 12A) medium and the NAP TB differentiation test and diluting fluid were obtained from Johnston Laboratories.
Reading and interpretation. Cultures were generally incubated at 37°C and were read daily for up to 5 days by using a BACTEC 460 TB system (Johnston Laboratories) for detection of 14Co2 liberated from [1-14C] palmitic acid in the 12A medium. The amount of 14Co2 released is directly related to the growth of the organisms and the metabolism of the radiolabeled substrate. This is expressed in terms of the growth index (GI); 100 GI units are equivalent to 0.025 I>Ci of liberated 14CO2. The patterns of inhibition for NAP and HA are similar, with either consecutive significant decreases or only a slight increase followed by a decrease in GI readings through day 3 after inoculation. Daily GI readings of the controls continue to increase during the same period (6) . Susceptibility to TCH is shown by an increase in the GI through day 2 of inoculation followed by two significant daily decreases. On the other hand, a steady increase in the GI through day 4 is evidence of resistance. A total of 554 cultures were examined for selective inhibition by NAP (Table 3) , 334 tested with NAP reagent prepared in the reference laboratory and 220 tested with the commercial disk. Of the 362 strains identified by conventional tests as belonging to the M. tuberculosis complex, 100% were inhibited. Of the 192 MOTT bacilli, all strains were resistant, with the exception that one of three patient strains of M. marinum was inhibited at 30°C. None of the latter grew at 37°C in the presence or absence of NAP.
It appears from the data presented that NAP and 125 p.g of HA are comparable for differentiating M. tuberculosis complex from MOTT bacilli in a rapid radiometric system. The only discrepancies in the HA studies were with three reference strains, whereas fresh isolates from patients tested in this manner showed 100% agreement with conventional methods in separating the TB complex from other mycobacteria (Table 2) .
NAP is difficult to obtain except through the supplier of vials containing NAP disks (Johnston Laboratories). Hydroxylamine, on the other hand, is easily acquired from several chemical vendors, is simple to prepare, and is very inexpensive in comparison with the commercially available NAP disk product. Although results of the experimental and commercial methods of performing the NAP test were equivalent, the commercial method involves an additional manipulation per test with a syringe containing potentially pathogenic organisms.
In addition to evaluating and comparing NAP and HA as selective agents, evaluation of radiometric selective inhibi- tion testing is of paramount importance as a routine diagnostic procedure in a large-volume microbiology laboratory. Differentiation of M. tuberculosis complex organisms from other mycobacteria may take as long as 6 weeks from a primary culture by conventional methods since growth is often insufficient on the primary isolate to do the biochemical and growth tests needed for precise identification. A properly performed niacin test requires that a culture on egg medium be 3-to 4-weeks old and have at least 50 colonies or 1+ growth (9) . If the reaction is negative for an isolate suspected of being M. tuberculosis, an additional 3 weeks of incubation is recommended with a second subculture before the test may be performed again (10) . When 350 nonpigmented isolates were routinely subjected to NAP testing as they were received in our laboratory on a variety of solid media, results were obtained on 96% of those cultures within 5 days. Of the 4% on which results could not be obtained, most failed to grow in the control medium.
Our data indicate that routine, large-scale radiometric selective inhibition testing is a rapid and specific method for obtaining a preliminary differentiation of M. tuberculosis complex from MOTT bacilli. Laszlo and Siddiqi (6) pointed out that difficulties in interpretation of the NAP test may occur with strains of M. marinum and M. chelonae grown at 37°C rather than at the optimal growth temperature. Their data were obtained from reference strains of MOTT bacilli only. Indeed, problems were encountered during our own investigation with TMC reference cultures that had adapted to the higher temperature.
In the present study, a small number of fresh clinical isolates of M. chelonae failed to produce valid controls if not incubated at the appropriate temperature. Although these strains were inhibited by NAP at 37°C, the growth index of the controls increased during the first 2 days of incubation, followed by a decrease, indicating that organisms were losing viability. Such a control is invalid and cannot be interpreted. When one is performing a radiometric inhibition test, it is essential that the GI of the control show significant daily increases. Otherwise, lack of growth in the presence of NAP may lead to misidentification of a culture of MOTT bacilli as M. tuberculosis complex. (4) . Of the 38 strains identified by the basic conventional tests as M. tuberculosis, only 2 were inhibited. It is interesting to note that both were isolated from patients residing in the same state. One of these strains was also unusual in that colonies appeared green on egg-based medium. Because of this property, as well as susceptibility to TCH, the culture is undergoing further evaluation by an international group of mycobacteriologists interested in taxonomic problems.
